1,25-Dihydroxyvitamin D3 stimulates cyclic vitamin D receptor/retinoid X receptor DNA-binding, co-activator recruitment, and histone acetylation in intact osteoblasts.
1,25(OH)2D3 induces gene expression through the VDR. We used chromatin immunoprecipitation techniques to explore this 1,25(OH)2D3-induced process on the 25-hydroxyvitamin D3-24-hydroxylase (Cyp24) and Opn gene promoters in intact osteoblasts. Our studies show that 1,25(OH)2D3-induced transactivation is a dynamic process that involves promoter-specific localization of VDR and RXR, recruitment of histone acetyltransferase complexes, and in the case of the Cyp24 gene, modification of histone 4. The vitamin D receptor (VDR) binds as a retinoid X receptor (RXR) heterodimer to target DNA sequences and facilitates the recruitment of protein complexes that are essential for transcriptional modulation. These complexes include an acetyltransferase component that contains members of the p160 family and p300/CBP as well as human mediator that contains D receptor interacting protein (DRIP205). The objective of this study was to investigate the kinetics of VDR/RXR binding to 25-hydroxyvitamin D3-24-hydroxylase (Cyp24) and osteopontin (Opn) target gene promoters and to explore the recruitment and subsequent activities of co-activator complexes on these target genes in intact cells. Mouse osteoblastic MC3T3-E1 cells and mouse primary calvarial osteoblasts (MOBs) were cultured in alphaMEM medium supplemented with 10% FBS. Confluent cells were treated with 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] or the vitamin D antagonist ZK159222, and the ability of these compounds to induce localization of VDR and RXR to specific regions of Cyp24 and Opn target genes was examined using chromatin immunoprecipitation techniques. The ability of both compounds to induce the recruitment of co-activator proteins such as p160 family members, CBP and DRIP205, and to increase the level of histone acetylation on the two gene promoters in MC3T3-E1 cells was also examined. 1,25(OH)2D3 induces rapid association of the VDR and RXR with both the Cyp24 and the Opn gene promoters in both MC3T3-E1 osteoblasts and MOBs, interactions that are both rapid and cyclic in nature. 1,25(OH)2D3 treatment also induces rapid recruitment of co-regulators such as SRC-1, -2, and -3, CBP, and p300 to both promoters, recruitment that leads to acetylation of histone 4 on Cyp24 but not the Opn. DRIP205 is also recruited to the two promoters in response to hormonal stimulation, an appearance that correlates directly with entry of RNA pol II. Studies with the vitamin D antagonist ZK159222 suggest a complex mode of action of this compound in blocking 1,25(OH)2D3-induced transcription. Our studies indicate that 1,25(OH)2D3-induced transactivation in intact osteoblasts is a dynamic process that involves promoter-specific localization of VDR and RXR as well as the recruitment of a number of co-regulators essential to 1,25(OH)2D3-induced transcription. We conclude that co-regulators essential for the transcriptional activity of the steroid receptor gene family are indeed critical for the actions of 1,25(OH)2D3. Selective use of co-regulators by target genes, however, may provide a mechanism for the unique and perhaps gene-selective responses observed with synthetic analogs such as ZK159222.